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"PROCESS FOR THE PREPARATION OF GABAPENTIN" 

The present invention relates to an improved process for the preparation of gabapentin and, 
5 more particularly, to an improvement of the preparation reaction of 1,1-cyclohexanediacetic 

acid monoamide, intermediate utilized in the preparation of gabapentin. 

Gabapentin, l-(aminomethyl)-cyclohexaneacetic acid (The Merck Index, XII Ed., page 733, 

n° 4343), is a known drug with anti-epileptic and anticonvulsant activity described for the 

first time in the US patent No. 4.024. 1 75 in the name of Warner-Lambert Co. 
10 In the literature several processes for the preparation of gabapentin are reported, see for 

example the akeady mentioned US patent No, 4.024.175, the US patents Nos. 5.068.413 and 

5.091.567 both in the name of Godecke A.G. 

The US patent 4.024.175 describes various processes for the preparation of gabapentin or 
analogous compounds of formula 



1 5 wherein R| is a hydrogen atom or a lower alkyl and n is 4, 5 or 6; 

characterized in that they use conventional methods for die preparation of primary amines or 
aminoacids such as, for example, the Curtius rearrangement of appropriate azides, the 
Hofmann rearrangement of appropriate monoamides or the Lossen rearrangement of 
appropriate hydroxamic acids. 

20 In particular, the patent mentioned above in the name of Warner-Lambert Co., Example 4 
variant A, column 5, describes the synthesis of the lower cyclic homologous derivative of 
gabapentin, l-(methylamino)*l-cyclopentaneacetic acid, through the preparation of 
cyclopentanediacetic acid monoamide, carried out by reaction of the corresponding 
anhydride with an aqueous solution of 20% NH3, the Hofmann rearrangement of the 

25 obtained monoamide, the acidification and the extraction followed by a final purification 
step consisting in the elution through a basic ion exchange resin and in the recrystaliization 
fi-om alcohols. 




(CH2)n 
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In the patent CN 1297885 (Hangzhou Shouxin Fine Chem) [abstract taken from World 
Patent Index (online), Denvent Publications, London, Accession v? 2001-497525], the 
preparation of the 1,1-cyclohexyl monoamide of oxalic acid is described through the reaction 
5 of the corresponding anhydride with aqueous or gaseous ammonia in the presence of an 
organic solvent 

Known these synthetic techniques, the International patent application WO 03/002517 in the 
name of Bromine Compounds describes a process for the synthesis of 1,1- 
cyclohexanediacetic acid monoamide comprising: 
10 a) the amination of the anhydride of 1,1-cyclohexanediacetic acid with aqueous ammonia. 

b) the neutralization of the reaction mixture, therethrough the cnide 1,1-cyclohexanediacetic 
acid monoamide is precipitated and filtered 

c) the purification of the crude 1,1-cyclohexanediacetic acid monoamide through a 
crystallization from solvent 

15 Although the process mentioned above can be considered an attempt of transforming on 
industrial scale the laboratory process described in the Warner Lambert patent, nevertheless 
it appears to be a not much effective process from the industrial point of view. 
In particular, it utilizes a considerable amount of reagents and solvents. For example, the 
ciystallization step provides a great use of solvents and furthermore the amination requires a 

20 considerable amount of ammoniacal solution which has to be disposed and this constitutes 
extra costs and disposal time. 

Furthermore, in the patent 1,1-cyclohexanediacetic acid monoamide is described and 
claimed with a purity higher than 99.5% (besides already obtainable according to what 
reported in the abstract of the Chinese patent CN 1297885, already cited) and above all such 

25 product purity is obtained to the detriment of process time and costs without being necessary 
for the transformations thereto the product in the gabapentin synthesis is subjected. 
Consequently, it becomes necessary to study alternative methodologies allowing the 
implementation of the reaction under more favourable conditions from the point of view of 
the industrial application of the process. 

30 Now, we have surprisingly found improved reaction conditions for the synthesis of 1,1- 
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cyclohexanediacetic acid monoamide, intermediate in the gabapentin preparation, at 
industrial level which allow to overcome the drawbacks shown by the processes described by 
the known art 

5 Therefore, object of the present invention is a process for the synthesis of gabapentin 
comprising the preparation of 1,1 -cyclohexanediacetic acid monoamide, the Hofinann 
transposition of the same monoamide, the purification of a gabapentin salt and the 
crystallization from organic solvent, characterized in that the preparation of the acid 
monoamide comprises: 

10 a) the amination of 1,1-cyclohexanediacetic acid anhydride by reaction with aqueous NHa at 
a temperature lower than 30°C by using a NH3/anhydride molar ratio lower than 3. 
b) the product precipitation through the acidification of the reaction mixture. 
The anhydride of 1,1 -cyclohexanediacetic acid is prepared according to known techniques, 
for example, according to the method described in the French patent FR 1.248.764 in the 

1 5 name of Centre de Lyophilisation Pharmaceutique or in Callahan et al., J. Org. Chem., 1988, 
vol. 53, 1527-1530. 

GeneraUy, the transformation of 1,1 -cyclohexanediacetic acid into the corresponding 
anhydride is carried out by reaction with acetic anhydride in the presence of an organic 
solvent conunooly utilized in the industrial processes. 
20 Specific examples of utilized organic solvents are methyl ter-butyl ether, toluene, 
tetrahydrofuran and methylene chloride. 

Preferably, the transformation of 1,1 -cyclohexanediacetic acid into the corresponding 
anhydride is carried out by reaction with acetic anhydride in the presence of toluene. 
The amination takes place by reaction with NH3 generally utilized in aqueous solution with a 
25 concentration comprised between 25 and 35% and preferably with ammonia in aqueous 
solution with a concentration around 28%. 

The acidification step is carried out by using common organic and inorganic acids such as, 
for example, hydrochloric, hydrobromic, hydriodic, nitric, sulfuric, phosphoric, carbonic, 
acetic, tartaric, citric, benzoic, maleic, fiimaric, succinic, glutaric, metansulfonic, 
30 benzensulfonic, paratoluensulfonic, trichloroacetic and trifluoroacetic acid. 
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The organic and inorganic acids are usually utilized in aqueous solution, but some of them 
can be used in the gaseous phase. 

The acidification step is preferably carried out with concentrated or gaseous hydrochloric 
5 acid and still more preferably with aqueous hydrochloric acid with a concentration around 
31%. 

The molar ratio between ammonia and 1,1-cyclohexanediacetic acid anhydride is generally 
comprised between 2.2 and 2.9 and preferably between 2.S and 2.7 in order to optimize the 
yield and limit the scraps. 
10 Keeping the temperature below 30°C during the amination reaction allows reducing to the 
minimiun the impurity formation. 

From a practical point of view one proceeds in adding anhydride into a reactor, containing 
the ammoniacal solution, thermostated at a temperature lower than 30°C and preferably at a 
temperature comprised between 10 and 25X. 

IS The acidification step therewith 1,1-cyclohexanediacetic acid monoamide is precipitated 
constitutes a critical aspect as well as an additional object of the present invention. This 
precipitation method consists in acidifying at a temperature comprised between 40 and 45^C 
until obtaining pH 6.3-6.5, (the crystal is left to enlarge) and then continuing to acidify at the 
same temperature until obtaining pH 3.8-4.2 optimum for the precipitation and, at last, the 

20 precipitate is filtered by keeping the temperature at about 40-45°C. 

Therefore, a second object of the present invention is the precipitation method of 1,1- 
cyclohexanediacetic acid monoamide comprising the acidification of an ammoniacal solution 
of the monoamide at a temperature comprised between 40 and 45°C until obtaining a pH 
around the values of 6.3-6.5, the continuation of the acidification step of the reaction mixture 

25 at the same temperature until obtaining a pH around the values 3.8-4.2 and, at last, the 
nitration of the precipitate by keeping the temperature between 40 and 45*^C. 
By acting through the improved method, object of the present invention, a highly pure 
product is obtained purity not lower than 99%, suitable for the subsequent steps of 
gabapentin preparation) with very high yields (about 95%) and above all the ciystallization 

30 process of the product itself is made unnecessary. 
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It is clear to the person skilled in the art how it is obvious, in order to obtain a higher product 
purity, to purify 1,1-cyclohexanediacetic acid monoamide for example by crystallization, 
nevertheless this additional expensive step in the process does not lead to any industrial 
S advantage. 

The process object of the present invention allows obtaining 1,1-cyclohexanediacetic acid 
monoamide with a smaller number of synthetic steps and, consequently, in a reduced time 
and with reduced costs. 

Furthermore, the use of reagents and solvents is gready limited with additional advantages 

10 under the industrial scrap disposal point of view. 

In fact, the improvement in the preparation of 1,1-cyclohexanediacetic acid monoamide in 
the gabapentin synthesis, object of the present invention, allows obtaining a product which 
has analogous, if not better, features compared to the one obtained with the known method, 
the process is more effective with a low consun^tion in ammonia and without the need of 

1 S purifying the product by crystallization. 

From the comparison with the known art, in particular with reference to the International 
patent application WO 03/02517, already mentioned, some substantial differences can be 
then pointed out: 

- use of a lower quantity of NH3 (NHj/anhydride molar ratio lower than 3 whereas the prior 
20 art mentioned above utilizes a molar ratio comprised between 5 and 10, preferably equal to 

7); 

- no need to crystallize 1,1-cyclohexanediacetic acid monoamide, obtaining a product 
suitable to be used in the subsequent steps of the-gahapentin preparation. Consequently, the 
process provides one industrial sten less with resnect to the prior ait with all the advantages 

25 coming therefrom such as, for example, shorter implementation time, reduced use of 
solvents, less use of manpower, less occupation of reactors, etc. 

Furthermore, the process yield is much higher dian the one shown in the examples of the 
patent application mentioned above in the name of Bromine Compounds. 
A practical embodiment of the process object of the present invention provides the 
30 transformation of l,l-cycl(riieseatediacetic acid in the corresponding anhydride by reaction 
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with acetic anhydride in toluene. After having removed by distillation the greater part of 
acetic acid which has formed and part of toluene, the intermediate dissolved into toluene is 
added to aqueous ammonia solution. Toluene is eliminated by separation of the phases and 
5 the monoamide is isolated by centrifugation of the acid aqueous solution. Then, one proceeds 
in transforming the obtained product into gabapentin, for example, through the Hofmann 
rearrangement followed by a purification step by column chromatography through ionic 
exchange resins of the obtained gabapentin salt and the crystallization fiom alcoholic 
solvents. 

10 In order to better illustrated the invention, the following example is now provided. 

Example 1 

3246 kg (3748 1) of toluene and in nitrogen flow and under stirring 1874 kg of 1,1- 
cyclohexanediacetic acid were charged in a reactor. 

A dense suspension was obtained. The suspension was heated at 80^C and 1 146 kg (1064 1) 
1 5 of acetic anhydride were added thereto in 2-3 hours. 

The addition was slightly endothennic. During the addition the inner temperature was kept at 
about SO^'C. 

Upon proceeding with the addition the reaction mixture fluidified until complete dissolution. 
The mixture was left under stirring for about 30 min. at about 80°C inside, then it was 
20 gradually vacuum-placed and it was distilled by keeping the inner temperature below 80**C 
until a residue volume of about 2600 1. 

About 3800 kg of a mixture, about 25/75 w/w acetic acid/toluene, which were sent to the 
incinerator, were distilled. 

The distillation residue crystallized at a temperature of about 40-50°C, then it was kept 
25 dissolved at the temperature of 50-60*'C. 

In the meantime in a second reactor an ammoniacal solution was prepared by charging 656 
kg of demineralized water and 1500 kg (1670 1) of an anomonia solution, about 28%, were 
added thereto. 

By keeping the inner temperature at 10-25X the distillation residue previously obtained and 
30 kept dissolved at 50-60^C (the addition was exothermic) was added. 
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The pH was controlled which have to remain higher than a value of 8 during and at the end 
of the addition. 

The obtained biphasic solution was stirred for about 20 minutes at 20-30^C, then it was left 
5 to decant for one hour. 

The lower aqueous phase was separated, at room temperature, whereas the toluenic phase 
was sent to the incenerator. 

The aqueous phase was gradually vacuum-placed to remove possible toluene and ammonia 
traces. 

10 To the aqueous solution 3000 kg of demineralized water were added and the inner 
temperature was brought to 40-45®C. 

Then, by keeping the inner temperature at 40-45**C, about 1596 kg (1386 1) of hydrochloric 
acid in solution were added 

It was left under stirring by still keeping the inner temperature of 40-45°C imtil obtaining pH 
15 3.8-4.2. At the end of the addition it was stirred for about 20 minutes and the pH was 
controlled again. 

By keeping the temperature at 40-45^C it was filtered and each filtration washed with four 
washings each one constituted by about 255 kg of demineralized water. 
About 2000 kg of wet product were obtained which was sent to the drying. 
20 The process yield was higher than 95%. 

The titre of the reaction product evaluated by means of the HPLC method was greater than 
99% (total unknown impurities lower than 0, 1%). 

The resultant 1,1-cyclohexanediacetic acid monoamide was transformed into gabapentin 
through known methods, for example, bv the Hofmann rearrangement, the acidification, 
25 extraction, purification of an aqueous solution of gabapentin hydrochloride on a strong 
cationic ion exchange resin followed by recrystallization as described in the International 
patent application WO 02/34709 in the name of the same applicant. 



